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iv\ode!ing the Nitroen Cycle

in agricu.ltu.ra.l ai.id natural eco.system s, Models of the N cycle man be us.eful

to und.erstand and .ma..nage ecosystems so as to protect envi ron.me..ntal quality

and rrnsu err lo.nterm sustainability. In this chapter. we fir.st present gyneral

-

currant ar esussa to ni ouwrent transteriJIta the \ cycle.

conclude with a senera I d isci. :ssi on a toe so rrsn.t status sin tuture •t- sea rob

need.s i.n the a.rea of N models. We want to e.mphasize Oat it is not orr intention

to provide an exhaustive review of the differe:.nt N models asia ilable, Pert i.nstead

ori&nta1i ipyi 1 he tdb iN 01 ti ot 9 MeL mu C

l)etiiled ruricwnof am-rat hand moe-Is can be Lund 1m puh1ica[on he

1 5- 1 ii -1 \ C

and Wu 12001),

Systems, Models, and Sottware Tools

A sV5itam is. a. set or components that act and interact toynt.her t.o achieve a
cmi hip 0 l poor s mod I it ten ‘St ,ahma Ira ummposad at sub—a çf05 ib

. tems arc composea 01 suNsutisvstem s, a.nd so on until the ona.ximum level of

atm, . o.t a sc.stern out, a sum as a ooh It alto opts ass ptu re tIne m in

co.rnpone.n Is a.nd ehavmor of that system,
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Modeling: the Nitrogen C:yei

a.ssi:.deeted parameter inter
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borne etodel cieeelone
e.hanpes tu out mit eemt.serf
1 1 Si “ I

stable, end as suds. it has hee

Model P imtbmotion

Calibration eunststa ef me
eituatiou, ideally, a model at
particular situation or nsferem

1 ettien Is h€ m
pendent of the date scm used

Melded tjaiidotier:t

Valtdatisan refers to the tes
P.o results cernpare to rerthty
principle of chemIstry: nsa.sa ens:
balance between the masses Cot
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Cnren., 1991; Wh itmona, 101)11
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Sensitivity’ ,A,neiledtr
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Use stem; in model m.leveto neat described ahove are ae.neral and do not

sarU guarantee the aehi.ev ment at the .sta.tect tllect!es r..v the cnn of the tat
i ii

1
“

tr n * n at

steps nsa be. treded. to iurthe.r :cfioe the .nwet*.rl or improve ts per cr.mance.

whore isa t.rrn com.imodelIng tomn’dnolo’1:. a ml t.he me lore ittrig Eq. 11 ields

ln nrstror em .k:i.n.etics:,is pri pi irtional to the concidc/dha ,,,p[cji,, k[dwhere is. the first-order rat5,

Most CL rnputer s.i..mnulatl.on .modeis have been i.mpleme.nted in pm cesnorie nted

s r i

“as

wi

and flexi.hrilitv to develop u.ser-- r.n d devenper-friendlv rnodeh, The current avaiE

ability or hajcvt-oriented languages 5n’ .h as Cc-± aliows rowe structured and easier/

under-stand i.urpternentations. Also, recent versions of FORTRAN (e.g., Ahsoft Pro

ma
- tie, Of!) a

iii N ,,u a on’

miag promise to rejuvenate a simulation tool that has withstood the challenge of

time. Atthough to date very twa modeL’ have been developed with these new

languages (bhatfer et at, 2(100), their use is espected to increase in the future.

One of the tartan’ that has limited the development of simulation models is

ii it *1 liii dr t ln 1 t h is t si & i tin ii tilt p iromin
1

In recognItion of this imnitation, new si ft;vare toots have been designed to allow

d toni o it n’t ii is Ui n isu
i p ‘r in’ mc

visual software tools use graphi.ca.t. icons to represent stat.e mad, rate variables,

lowing the user tu build, models by simply d rapping Icons on a working space”

and ioi.ni up’ the .ra according to the dcrsl.rm model structure, \,c fOr’ ;odet strum

tu ret s graphical l.a bull t and the mat) emati..cat relationships herwi’envariahte.s

a.re defi.ned., the softtva.re an ii’, neatly rvri tv’s the code to i ma plerr;en t.s. the mu

I ‘‘p
I

ill hi,,! “r’”” 0
5

I

\ ml s’i i
0 ‘1 Ii C i I

,, t n
“ I I

*1”
1

1

as
I”

01 ‘fl55 evcsttorc.,f ft. 1;’ in; n.iemneata hi n ot the N macti’! Nt.EAt’ (Shatter

U
u

IT P i
i IT

cc 1’-’) ramscle.l.s m’r’ith s..tnsil r two Is are [their’ in the future.

Nn’roaen IVI000ISm’arouiat;ot’: IIttInTels of the NJvc’!e attempt’ to capoire roe marTin pn’oesse: at’

t.raesfomrnai, Of”' to ins .svsmcrn of .tn.teivst tat, tacIt ‘ci;
‘ ;; Ia the ma .c it Ils

transformations In’ using d.tfeoaot t apesc,f kinetics. l.a
roe

Ii i’st revi’,’v.r the ‘‘ a
“. coo ;ooi’flr oP. tvoi:,’s o,l kinetics and then we ci; ci he the

dAte ren.t kInetic ataproa ches used to ma ad et soaae at th. dma ost insportant t.ranstor
(fQiTilflCfl kinetic Models2’eroOrdcr Kin..etics

in m:enoordlem mo,”ti, ,.;, t a otto O! i,matirtoe.ma don ;.if sui’strate :5 :i tr’iprc’clnct P is

in,’l, pci 501’;! of tI’s: cm ri tmat;m’n at ,ti Is .me order with mespect ii.;’

lnon tape at seeoric.’e’rc;nto p macnet I’ i5 Proportiona:with respect to Iii:

-

c’ mliO’e 5: 0’. tOe 5, order
“I -1-

In a.nother t.’rst at’ scm
1

‘
,

it

d5/if
If that maid rohi.al bit to

Vv’ Ott me 05, i5 tu or-sass at tihia.! foomaass,
lntt.:’crati:ne Pa. [Sf yields

Nlichaeiis. M’•ent.n.’i•; ki:neti;:temi r.:;ropo:’:ed a t:t;eorv t:.i o;’.plcate, mind a protiluct.:
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